Abstract
Introduction
Idea generation is an important part of all phases of problem solving (Andriole, 1983; Brightman, 1980; Bross, 1953 , Dunker, 1945 . The quality of ideas generated constitutes an upper l i t on the quality of the problem-solving process. Many problems are so large that no one person has all the experience, insight, or resources to solve the problem alone. In such cases people must make a joint effort to achieve their goal. A key part of that effort is group idea generation.
Since Osbom first introdud brainstorming it has asserted (or hoped) that groups who produce more ideas would also produce better ideas (Osbom, 1953). Much of brainstorming research focuses on methods to produce more ideas. Several studies have reported idea quality as well, and a few key papers report that idea quality does indeed correlate with idea quantity @iehl & Slxoebe, 1987; Dennis, Valacich, & Nunamaker, 1990 ; Gallupe, et al., 1992; Valacich, Wachter, Mennecke, & Wheeler, 1993) .
Evaluating idea quality can be a grueling, expensive, and uncertain task. Some studies do not address idea quality (Padus & Dzindolet, 1993; Gopal, Bostrom, & Chin, 1993; Shepherd, Briggs, Reinig, Yen, & N d e r , 1995-96; ) , while others argue that the existing empirical evidence precludes the necessity for going to the expense and effort of measuring idea quality.
The empirical record is equivocal, however. Some studies did not find a correlation between quality and quantity (For example, Connolly, Jessup, & Valacich, 1990) . Because idea quality limits problem-solving quality, it is important to understand the genesis of idea quality, what causes high quality, and what causes poor quality. A theoretical model of idea quality could lead to rigorous investigation of whether and when quality follows quantity, which in turn could free researchers to pursue quantity secure in the knowledge that quality will follow. Such a foundation might also let practitioners reason about when quality will not follow quantity, and avoid bad meeting practices. Toward these ends, it might also be useful for researchers to find a fast, inexpensive, and reliable way to measure quality, to make investigations more feasible.
This paper offers a theoretical argument about why idea quantity should cause higher idea quality. It then describes a onontheimplicationsofthe 1987) and information access (Figure 1) . Each of these processes places demands on limited attention resources, and therefore interferes with the other with the other processes (Brainerd & Reina, 1990 Shannon & weaver, 1964) involving the Creation of stimuligroup of people making a words, images, behaviors, objects (Burgoon, 1985) Team Theory conceives of goal congruence as a motivation for the cognitive effort required to achieve a goal. To the extent that an individual perceives that the team goal is at least compatible with individual goals, the participant will expend effort to achieve the goal. A given team member may have numerous personal goals, and these goals may even be mutually exclusive. The theory posits that the team member will rely on the most salient goals when choosing how much effort to expend at a given moment. The theory notes, as an instance of goal congruence, that participants will only elect to expend effort if they believe that there is some probability the goal is attainable (Locke, Lee, & Bobko, 1984).
Team Theory also notes that distractions may interfere with productivity, and that individual differences in ability may also affect productivity.
(Paulus 8r Dzindolet, 1993). Indeed, the effects of anonymity (Connolly, Jessup, & Valacich, 1990 ) may be explained as countervailing goal congruence effects: anonymity may reduce evaluation apprehension while increasing social loafng (Shepherd, Briggs, Reinig, Yen, & Nunmaker, 1995-96) . The effects of group size may be explained by countervailing effects of communication (more airtime fragmentation, but easier access to participants), deliberation (more distraction), information access (easier access to information held by others, but more information to wade through), and goal congruence (more evaluation apprehension, but more chance to get interests accommodated). Infinite variations in these four constructs may result in infinite variation in the quantity of ideas produced.
Team Theory also offers plausible explanations for variation in the qwlity of ideas produced. come to a more clear and complete understanding of the problem, which, in turn, should make them better able to produce highquality solutions.
Finally, the communication of ideas among group members consumes attention resources, but it may be that receiving ideas from others produces less cognitive interference than generating them (Brainerd & Reina, 1990) . Thus, in the presence of many To summarize, then, in the presence of many ideas, a team member may receive more inspiration, may counter-argue, and may refine existing ideas, leading to a better understanding of the problem and solution spaces, all of which in turn may result in the production of better quality ideas. Other things being equal, it may therefore be that an increase in idea quantity will cause an increase of idea quality.
From these theoretical arguments we derive the hypothesis: H I ; Groups producing mure ideas will a h produce higherquality idens.
were given 10 minutes to read about their roles. None took longer than six minutes. We wanted to assure that all the problems in the scenario surfaced before the group began to generate solutions. Therefore the facilitator conducted a structured interview with each subject in the presence of the others asking what problems the subject had identified in their role in the School of Business. An accomplice sat at another computer pretending to type the problems as the subjects identified them. At the end of the interviews the accomplice printed and distributed a standard set of problems, so all groups started generating solutions with an identical problem statement.
Participants were then instructed on using the electronic brainstorming tool. They were encouraged to think about all the problems posed by the group rather than just those contained in their own role. Participants were encouraged to generated as many different ideas as they could in the time available to them. They were instructed to enter wild and silly ideas as well as mainstream ideas in an effort to inspire one another to think beyond the obvious.
They were given 40 minutes to generate solutions. Experience in the field has shown that real groups working on real problems using electronic brainstorming tend to run out of ideas in about that much time. When the brainstorming h e was elapsed, the participants were debriefed and released.
Measuring Idea Quality
Under Team Theory there can be no universal measures of productivity. Because productivity is defied as the degree to which the team achieves its goal, any measures of productivity will be goal-specific. In this task the goal was to generate solutions to the problems in the imaginary school of business. The quality an individual idea could therefore be judged in terms of the degree to which it would relieve the symptoms at the school of business.
There are two challenges associated with measuring idea quality. First one must devise a reliable way to measure the quality of individual ideas. Then one must decide how to aggregate the quality of individual ideas to rate the session. For all its symptomatic complexity, the version of the School of Business task used in this study had only two major causes: admission standards were too low, and too many students had been admitted to the university. Almost all other symptoms sprang from those causes. It was therefore relatively easy to evaluate solution quality based on whether they solved these two root problems. A solution that addressed all 19 symptoms could be considered supexior to a solution that treated only one or two symptoms.
As a first step in this process we developed a box-and-arrow causal map of the problems represented in the scenario ( Figure   Methods 
Participants
The participants in this study were 290 undergraduate business students. Participants were randomly assigned to 58 groups of five students each. . Task   The The School of Business task is sufficiently complex to provide a level of challenge comparable to some real-world problem solving tasks. In the School of Business task, the group faced a total of 19 intex-related symptoms such as declining budgets, over-crowded classrooms, declining reputation, and faculty resignations because of overwork (Figure 3 ).
Solutions to many symptoms tended to exacerbate orher symptoms, and symptom-based solutions that favored one role tended to be unfavorable to another.
It is interesting to note that the subjects found the task very realistic. Despite oral and written disclaimers that the scenario was imaginary, during debriefing many subjects asked when their recommendations would be forwarded to the administration of their university.
Procedure
All instructions given by experimenters to the participants were scripted. Experimenters memorized their scripts, but carried them in their hands as back-up.
Participants signed an attendance sheet when they arrived at the study site, and then seated themselves before one of five computers. The computers were side-by-side facing the projection screen at the front of the room. One of three facilitators greeted the participants and read them instructions from a script. Participants received a packet of information and Thus the possible score for a given idea ranged from 2 to 8 points. For the final analysis the scores were shifted downward two points so ideas With no value scored 0, while ideas of highest value scored 6. Three coders evaluated four transcripts and found they were in agreement (no more than one point different) on more than 99% of their evaluations. Two coders rated each of the remaining 58 transcripts.
The holistic evaluation method is a reliable way to rank order individual ideas, but it would not be useful for deciding how much better one idea is than anothw, the data produced by the method are ordinal, rather than ratio. Therefore care must be taken not to give too much credence in the magnitude of differences. Do four bad ideas really offer the same value as one good idea? Can one assert that an idea is 10 times better or loo0 times better than another? W i t h that caveat in mind, let us consider how we might evaluate the quality of a whole brainstorming session.
There are two questions one can ask about the quality of brainstorming sessions:
1. Was the overall quality of one sesswn higher
Were there more good idecrs in one sesswn than
The fkst question is problematic. What exactly is the overall quality of a brainstorming session? For some problems the emergence of one golden solution is sufficient to declare victory. For such a task the quality of the Session would be defined in terms of the quality of the best ideas generated. Other problems can be addressed with a myriad of marginal gains. Even mediocre solutions may contribute a little toward the overall goal. In that case the qudity of the session might be defined as the sum of the quality scores of all the useful ideas generated in the session.
The method of summing individual-ideaquality scores is also problematic because it treats the ordinal data of the holistic evaluation as if it were ratio data. Vastly different results might be produced, depending on how one decides to weight each level of the rubric.
Even if the quality data were ratio, a mean of individualidea-quality scores would not be a useful aggregate quality score. A treatment that increased the number of good ideas coming in might also increase the number of bad ideas coming in, resulting in no change of mean. A treatment might increase the number of bad ideas faster than it increases the number of good ideas. The number of good ideas would rise substantially, yet the mean would be lower. Thus, it would be impossible to intexpret an average of all quality scores.
The second question -whether there are more good ideas in one session than another --is much more easily addressed. One may simply define a lower limit on the goodness of ideas, and then directly count the g o d ideas. This approach has the than thatofanother? in another? advantage that it converts the ordinal data of the holistic evaluation to a ratio-data aggregate. Direct comparison of sums or means could be meaningfully interpreted. The statistical analysis in this paper addresses the question, "When we get more ideas, do we get more good ideas or do we just get more trash?" It reports and analyzes the number of good, bad, or indifferent ideas produced in a session by examining correlations and linear regressions.
Analysis of the 58 brainstorming transcripts revealed that all qualities of solution quality correlated significantly with the quantity of ideas generated (Table 2. ). Idea quantity had a correlation of 0.93 the number of useless ideas (those that make little or no difference on any symptom, having a quality score of 0). The strength of correlation dropped as the quality of solutions increased. The correlation between quantity and the number of outstanding ideas (those that directly solve the root problems) was 0.25.
Eliminating the useless ideas from consideration, we clustered the remaining ideas into two categories: Mediocre ideas that scored 1,2, or 3; and Good ideas that scored 4,5, or 6. Both mediocre and good ideas correlated significantly with quantity. Further analysis of the good ideas divided them into useful ideas, scoring 4 or 5, and outstanding ideas, which scored 6. Remember that in order to score a 6, the ideas had to be feasible, and had to solve the major problems completely.
Both the moderately good and the Outstanding ideas correlated with quantity of ideas.
We examined the relationship between quality and quantity in more detail by conducting simple linear regressions of mediocre ideas and good ideas on quantity of ideas generated. The tests revealed a significant linear relationship in both cases (Table 1. ). The slope of the least-squares line for good ideas was quite small. The groups had to generate about 25 ideas to get one good idea. The model explained about 18% of the As discussed above, Team Theory offers a number of possible explanations, ability, goal congruence, and factors relating to the deliberation process being chief among them. (Figure 4. ).
The results of this study also suggest that, alas, brainstorming researchers must take up again their heavy yoke, to continue the laborious and eqensive task of measuring idea quality. The correlation between quantity and quality is probably too tenuous for us to presume that a treatment which incre.ases quantity will 
Good Ideas produced in a Brainstorming Session
Number of Good Ideas Generated by definition also increase quality. Other factors not accounted for by the qualityquantity model may well counter and outweigh that effect. It is conceivable that a treatment could make a group massively efficient at creating ineffective ideas.
Because idea quality is an upper limit on group performance, we must guard against unintended quality effects as we devise new ways to support idea generation. However, the holistic evaluation technique described above offers a reliable and low-cognitive-load method for conducting those analyses, which should ease the burden slightly.
As with every study, rhis one is limited in several ways. First, because it follows the investigative rather than the experimental paradigm, its design does not allow us to direcrly infer causality.
As such, its findings are suggestive, rather than conclusive. Further research will be required to clearly test the causal links in the quality model. Next, all the participants were undergraduates, all participated in five-person groups, and all worked on the same task. Further research will be required to test whether the relationships observed here hold for other populations, other group sizes, and for other tasks. Although the participants found the task engaging and realistic, they did not have a large personal stake in the outcome. It will be necessary to investigate the degree to which vested interests affect the relationships we observed.
Implications for Practitioners
Low quality follows quantity. Moderate quality follows quantity, too, but not as closely. Higher qualit$ does not seem to depend much on quantity. In the task reported here, the people who produced the fewest unique ideas produced about the same number of outstanding ideas as the people who produced the most unique ideas. This may be a bias built into the task. There were only so many solutions that could help, and all the groups found most of those few solutions. However, it may be that if the team seeks a single golden solution, they would be better of to relax and reflect as they work. On the other hand, if a problem has no golden solution, as many real world problems do not, then it might be worth driving the group to produce a great many ideas, to maximize the avaiIabiIity of modestly useful solutions.
